Background-Atrial fibrillation is the most common supraventricular arrhythmia in patients with acute myocardial infarction. Recent advances in pharmacological treatment of myocardial infarction may have changed the impact of this arrhythmia. Objective-To assess the incidence and prognosis of atrial fibrillation complicating myocardial infarction in a large population of patients receiving optimal treatment, including angiotensin converting enzyme (ACE) inhibitors. Methods-Data were derived from the GISSI-3 trial, which included 17 944 patients within the first 24 hours after acute myocardial infarction. Atrial fibrillation was recorded during the hospital stay, and follow up visits were planned at six weeks and six months. Survival of the patients at four years was assessed through census oYces. Results-The incidence of in-hospital atrial fibrillation or flutter was 7.8%. Atrial fibrillation was associated with indicators of a worse prognosis (age > 70 years, female sex, higher Killip class, previous myocardial infarction, treated hypertension, high systolic blood pressure at entry, insulin dependent diabetes, signs or symptoms of heart failure) and with some adverse clinical events (reinfarction, sustained ventricular tachycardia, ventricular fibrillation). After adjustment for other prognostic factors, atrial fibrillation remained an independent predictor of increased in-hospital mortality: 12.6% v 5%, adjusted relative risk (RR) 1.98, 95% confidence interval (CI) 1.67 to 2.34. Data on long term mortality (four years after acute myocardial infarction) confirmed the persistent negative influence of atrial fibrillation (RR 1.78, 95% CI 1.60 to 1.99). Conclusions-Atrial fibrillation is an indicator of worse prognosis after acute myocardial infarction, both in the short term and in the long term, even in an unselected population. (Heart 2001;86:527-532) 
Atrial fibrillation is one of the most common supraventicular arrhythmias in the setting of acute myocardial infarction, occurring in around 5-18% of all patients. [1] [2] [3] [4] [5] [6] [7] The higher figures usually include individuals with pre-existing atrial fibrillation, and the probable incidence of new atrial fibrillation is closer to 5%. 1 2 The arrhythmia develops for many diVerent reasons, including left ventricular dysfunction with haemodynamic impairment, 5 8-12 atrial ischaemia or infarction (particularly in patients with early onset atrial fibrillation in the course of acute myocardial infarction), 13 right ventricular infarction, 14 pericarditis, 15 excessive release of catecholamines, chronic lung disease, acute hypoxia, drugs (for example, the use of sympathomimetic agents), and hypokalaemia. 16 Atrial fibrillation is usually abrupt in onset and can cause rapid haemodynamic instability through one of three mechanisms: loss of the atrial component of the cardiac output; increased ventricular response rate with decreased diastolic filling time; or irregular ventricular filling. 4 In many studies atrial fibrillation has been associated with advanced age, 1-4 7 17 congestive heart failure, poor left ventricular function, 1 2 7 18 19 and extensive myocardial infarction. 4 5 Other associated conditions include mitral insuYciency, 2 increased incidence of ventricular arrhythmias and right bundle branch block, 3 and left bundle branch block. 18 The occurrence of atrial fibrillation is not related to the site of the myocardial infarct. 2 3 15 The relation of atrial fibrillation to outcome has been extensively investigated, and it is commonly considered a marker of poor prognosis. The occurrence of atrial fibrillation is associated with an increased hospital mortality, [20] [21] [22] [23] though after adjustment for other variables known to aVect prognosis-such as age, heart failure with cardiogenic shock, previous acute myocardial infarction, and ventricular arrhythmias-its independent eVect appears to be somewhat reduced. It is possible, indeed, that the development of this arrhythmia merely reflects an overall increase in risk profile, as would be expected with large infarcts, decreased left ventricular function, and electrical instability.
Until very recently most studies of atrial fibrillation in relation to acute myocardial infarction have been relatively small and conducted in the prethrombolytic era. More recently, data from the large GUSTO-I study (global utilisation of streptokinase and tissue plasminogen activator for occluded coronary arteries) have been published, showing that atrial fibrillation in the setting of an acute myocardial infarct treated with thrombolysis independently predicted stroke and 30 day mortality. 22 Current routine acute treatment for myocardial infarction includes not only aspirin, blockers, and thrombolytic agents, but also angiotensin converting enzyme (ACE) inhibitors. As shown by recently published clinical trials [23] [24] [25] and meta-analysis, 26 this combined approach significantly reduces in-hospital and medium term mortality, left ventricular dysfunction and heart failure, myocardial damage extension, and ventricular arrhythmias. In this context, a recently published report by the TRACE (trandolapril cardiac evaluation) investigators 23 showed that in patients with a large acute myocardial infarct the occurrence of in-hospital atrial fibrillation is independently associated with an increase in hospital based and long term mortality. It is therefore relevant to reassess the incidence and prognostic significance of atrial fibrillation complicating acute myocardial infarction, in a substantial unselected population of patients receiving optimal treatment, including ACE inhibitors.
Despite the prevalence of atrial fibrillation, many issues still remain unresolved. The large GISSI-3 study allows a further exploration of this topic in the thrombolytic/ACE inhibitor era.
Methods
Data are derived from the GISSI-3 trial (gruppo Italiano per lo studio della sopravvivenza nell'infarto miocardico), a large clinical trial in which patients within 24 hours of acute myocardial infarction were randomised by telephone call or computer network system, working 24 hours a day, to receive oral lisinopril or no lisinopril and, according to a 2 × 2 factorial design, glyceryl trinitrate or no glyceryl trinitrate. The details of the design and the main results of the GISSI-3 study are provided in the original report. 24 The entry criteria for the trial were: chest pain with ST segment elevation or depression of at least 1 mm in one or more peripheral leads of the ECG and/or at least 2 mm in one or more precordial leads; admission to a cardiac care unit within 24 hours from symptom onset; no clear indication or contraindication to the study treatments (oral lisinopril or intravenous and transdermal glyceryl trinitrate); Killip class < 4; and absence of life threatening disorders.
PATIENTS
In all, 43 047 patients were admitted to the 200 participating coronary care units; of these, 19 394 (45%) were randomised. Complete clinical data at the six week follow up were available for analysis for 18 895 (97.4%) of the randomised patients. Acute myocardial infarction was confirmed in 17 944 patients, but our study population comprised 17 749 patients. This was because we excluded from the final analysis 195 patients with chronic atrial fibrillation, defined as atrial fibrillation that was present on both admission and predischarge ECG records. (The purpose of the study was to assess the eVects of new onset atrial fibrillation occurring during the peri-infarction period.)
All patients with no specific contraindications received the recommended drugs in the acute phase, according to defined clinical criteria: fibrinolytics were given in 72%, intravenous blockers in 29%, and aspirin in 85%.
There were 8606 patients with confirmed acute myocardial infarction who underwent bidimensional echocardiography on discharge from hospital.
END POINTS
Investigators recorded all the relevant clinical events during the hospital stay and at clinical follow up visits after six weeks and six months from randomisation. On these occasions they were required to report if atrial fibrillation or flutter had occurred between randomisation and hospital discharge.
STATISTICAL ANALYSIS
The Pearson 2 test for heterogeneity and the Mantel-Haenzel 2 test for linear association (only for variables measured on an ordinal scale) were used to compare diVerences in atrial fibrillation incidence, observed in categorical variables.
Several Cox regression models, with the Mantel-Byar time to event correction, 27 28 were used to quantify the prognostic significance of atrial fibrillation with respect to in-hospital, six month, and four year mortality. The following covariates were included in the multivariate models: site of myocardial infarction, previous myocardial infarction, sex, age, history of hypertension, history of diabetes mellitus, Killip class, systolic blood pressure, history of angina, time from onset of symptoms, heart rate, in-hospital administration of anti-arrhythmic treatment, and the randomised treatment.
In assessing the prognostic significance of atrial fibrillation in patients discharged alive, no time-to-event correction was performed.
The proportionality assumption among hazards for the atrial fibrillation and no atrial fibrillation groups was tested using a flexible model-fitting approach involving restricted cubic spline function. 29 30 This method allows one to examine the strength of the relation between hazard ratio and time (formulation and testing of a hypothesis on the eVect of atrial fibrillation) and the shape of this relation (relative risk constant or not), without having to prespecify any functional form. The software used for the proportional assumption test and graphics is available on the world wide web. 31 
Results

INCIDENCE AND CLINICAL CHARACTERISTICS
The overall incidence of in-hospital atrial fibrillation was 7.8% (1386 patients). Among these patients, 319 had very early paroxysmal atrial fibrillation (that is, atrial fibrillation present on the admission ECG and absent on the predischarge ECG in patients discharged in sinus rhythm).
Patients who experienced atrial fibrillation were significantly older, had a worse Killip class at entry, and had a higher heart rate on their admission ECG. Other variables associated with this arrhythmia include previously treated hypertension, diabetes, female sex, and previous acute myocardial infarction (table 1) .
The location of the infarct appeared less relevant, although patients with undefined location (that is, non-Q wave infarction with ST depression at entry) were significantly more likely to develop atrial fibrillation. The incidence of atrial fibrillation was higher in patients not treated with thrombolysis (10.1% v 7.1%; odds ratio (OR) 0.67; 95% confidence interval (CI) 0.59 to 0.75).
Finally, patients with in-hospital atrial fibrillation had worse left ventricular function, as shown by a significantly lower predischarge ejection fraction (48.3% v 51.3%, p < 0.0001, with 26.7% v 16.8% of patients having an ejection fraction < 40%, p < 0.0001).
TREATMENTS
As shown in table 2, patients with atrial fibrillation were less often given the recommended non-study treatments-that is, fibrinolytics and blockers. On the other hand, patients with atrial fibrillation were more often being treated with digoxin, antiarrhythmic drugs, and oral anticoagulants on discharge.
With respect to randomised treatments, a 24% reduction (OR 0.76, 95% CI 0.65 to 0.89) in the incidence of atrial fibrillation was observed in patients randomised to both lisinopril and nitrates compared with control patients (fig 1) .
IN-HOSPITAL OUTCOMES
As shown in table 3, in-hospital death, early and late clinical congestive heart failure, sustained ventricular tachycardia, and ventricular fibrillation all occurred more often in patients with atrial fibrillation than in those without (p < 0.001). No significant diVerence was observed in reinfarction rate, though this event appeared more common among patients with atrial fibrillation (2.9% v 2.0%, NS). In this regard, no significant diVerences were shown between the two groups even when reinfarction and recurrent ischaemia were combined. Inhospital stroke rate was very low, and not significantly aVected by atrial fibrillation.
The total hospital stay in patients discharged alive was significantly longer for those with atrial fibrillation than for those without (median stay 15 v 13 days, p < 0.0001).
The unadjusted hospital mortality was higher in patients with atrial fibrillation than in those without (table 4). After adjustment for baseline diVerences, the hospital mortality remained significantly higher in patients with atrial fibrillation (RR 1.98, 95% CI 1.67 to 2.34, p < 0.001).
The hospital mortality, but not the long term mortality, was significantly higher in patients developing "late" atrial fibrillation (after days 0-1) than in those developing early atrial fibrillation (occurring on days 0-1). In the late group, hospital mortality was 18.9%, compared with 13.3% in the early group. This diVerence was significant (OR 1.50, 95% CI 1.08 to 2.08).
MEDIUM AND LONG TERM FOLLOW UP (SIX MONTH AND FOUR YEAR OUTCOMES)
Survival curves up to six months (fig 2) clearly show that a significant diVerence in favour of patients without atrial fibrillation is detectable The data are percentages.
The p values (2p) are derived from 2 tests for heterogeneity. As expected, patients with atrial fibrillation were given significantly more digitalis and oral antiarrhythmic drugs. On the other hand, they were treated less frequently with fibrinolytics and intravenous blockers. by the first few days; this increased during the first month but then remained unchanged over time.
Figure 1 Distribution of atrial fibrillation (AF) among randomised treatments: a significant 24% reduction of AF incidence was observed in patients randomised to both lisinopril and nitrates compared with control patients.
The unadjusted six month mortality of patients discharged alive was higher in those with atrial fibrillation than in those without, regardless of the timing of the onset. The diVerence in favour of patients without atrial fibrillation was still evident after four years. After adjustment for baseline diVerences, the mortality in patients discharged alive remained significantly higher in the group with atrial fibrillation, both at six months (RR 1.81, 95% CI 1.48 to 2.23) and at four years (RR 1.78, 95% CI 1.60 to 1.99). The independent predictors of mortality in the long term are shown in table 5.
Using a diVerent multivariable model, and splitting our follow up into three diVerent clinical periods, we observed that the risk course was clearly diVerent between the hospital phase on the one hand and the post-acute (up to six months) and chronic phases (up to four years) on the other (fig 3) .
INDEPENDENT PREDICTORS OF ATRIAL
FIBRILLATION
The most important predictor of atrial fibrillation was age > 70 years (OR 2.82, 95% CI 2.46 to 3.24). Other significant factors (in decreasing order) were raised heart rate at entry (> 100 beats/min, OR 2.19, 95% CI 1.64 to 2.92), Killip class above 1 (OR 1.81, 95% CI 1.55 to 2.11), and a history of hypertension (OR 1.34, 95% CI 1.17 to 1.53).
Discussion
Atrial fibrillation is one of the most common supraventricular arrhythmias in the setting of acute myocardial infarction. It is also a marker of clinical and angiographic baseline features suggesting higher risk. 22 In the GISSI-3 trial, 24 as in previous trials, [20] [21] [22] old age was found to be the most important independent predictor of this arrhythmia.
Patients given randomised treatments (both nitrates and ACE inhibitors) were less likely to develop atrial fibrillation. It is hard to determine the precise aetiology of this arrhythmia, but the association with atrial fibrillation of Killip class above 1, a higher heart rate, and a lower ejection fraction-together with the trend towards a reduction in the incidence of atrial fibrillation in patients given nitrates and ACE inhibitorssuggests that haemodynamic impairment is the most likely mechanism. In fact in the GISSI-3 trial, patients allocated to the combination of lisinopril + nitrates not only had a lower mortality, but also a lower incidence of two other components of the combined end point directly related to haemodynamic impairment-clinical congestive heart failure and an ejection fraction less than 35% (8.3% in patients given lisinopril + nitrates, v 9.2% in control, 9.5% with nitrates, and 9.0% with lisinopril). This is indirectly consistent with other studies which showed that patients given accelerated alteplase (greater than TIMI 3 flow rate) were less likely to develop atrial fibrillation, 22 and that patients who developed atrial fibrillation had more unfavourable invasive haemodynamic variables than those who did not. 5 12 HOSPITAL COMPLICATIONS Patients with atrial fibrillation had a more complicated hospital course than those without. In our study, as well as in the GUSTO trial, reinfarction and recurrent ischaemia were more common, though not significantly so, among patients with atrial fibrillation. The lack of angiographic data did not allow an exhaustive interpretation of this finding, though it is likely that older and sicker patients, such as those with atrial fibrillation, had more extensive coronary disease.
Left ventricular dysfunction with a lower ejection fraction, clinical congestive heart failure, and cardiogenic shock were also more common in patients with atrial fibrillation. This is probably related, in a kind of vicious circle, to the impaired haemodynamics in these patients, where loss of atrial contraction leads to hypotension and possibly to more severe ischaemia. Patients with atrial fibrillation more often developed other arrhythmias, particularly ventricular tachycardia and ventricular fibrillation. Once again, among numerous possible explanations, the higher incidence of left ventricular dysfunction and congestive heart failure appears to play a pivotal role, although the more common use of digoxin and antiarrhythmic drugs could be important.
In our study, at variance with GUSTO-I, stroke incidence was not aVected by atrial fibrillation. Overall stroke incidence was 0.7%, the same in both groups, and clearly lower than observed in the GUSTO-I trial. Although there was a very low in-hospital stroke incidence in GISSI-3, it may well be that in sicker and more aggressively treated patients atrial fibrillation plays a role in increasing ischaemic stroke incidence, as shown in GUSTO-I.
MORTALITY
Our study, together with the recently published GUSTO and TRACE reports, 22 23 confirms that atrial fibrillation in the setting of acute myocardial infarction is associated with an increased in-hospital and long term mortality, probably owing to its association with worse left ventricular function. In the past, many studies [8] [9] [10] [11] [12] have attempted to determine the relation between atrial fibrillation and mortality in patients with acute myocardial infarction, with conflicting results to some extent. For example, two recent large studies found a higher incidence of in-hospital and long term mortality in patients with than without atrial fibrillation. 20 21 In both studies, however, adjustment for other variables known to aVect prognosis made the observed diVerences non-significant. The results diVered for longer term mortality: in a multivariate analysis, one trial 20 found that atrial fibrillation independently predicted long term mortality, whereas the other 21 did not. In our study, mortality was lower than previously reported. 20 23 Thus in the present study, in-hospital mortality in patients with and without atrial fibrillation was 12.6% and 5.0%, respectively, versus 25.5% and 16.2% in the SPRINT (secondary prevention of reinfarction Israeli nifedipine trial) registry. 20 This diVerence is a result of the improved treatment for acute myocardial infarction available in the 1990s, as well as diVerences in the populations studied-for example, all patients enrolled in GISSI-3 were haemodynamically stable, and the sickest subjects (that is, patients with persistent hypotension or cardiogenic shock) were excluded. The unadjusted and adjusted mortalities in GISSI-3 were significantly higher both in hospital and at the four year follow up among patients with atrial fibrillation than among those in sinus rhythm.
Our trial is the first capable of providing a long term follow up of a large population of patients with atrial fibrillation complicating acute myocardial infarction, and the data showing that atrial fibrillation developing in hospital is a sign of poor prognosis are of particular interest. The risk-time relation ( fig  3) shows that though the risk is higher during the very early postinfarction period compared with the later stages, in the long run it appears constant, and definitely not negligible.
CONCLUSIONS
In the thrombolytic era atrial fibrillation remains a common and important complication of acute myocardial infarction. It identifies a group of patients who are older and sicker than their counterparts without atrial fibrillation. Such patients should be targeted for earlier and more aggressive treatment, because their overall prognosis-both short and long term-is significantly worse than in patients without atrial fibrillation. The management of patients developing atrial fibrillation after acute myocardial infarction should include intensive clinical surveillance, chronic anticoagulation, and cardioversion whenever possible.
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